Understanding food waste in Canada may offer previously unrecognized opportunities and strategies to address rising food-cost inflation, food insecurity, and negative ecological impacts and energy costs attributable to food production, distribution, and accessibility. It is significant for all agents along the food chain and policy makers to know how much food Canadians waste, as well as why and where. This paper examines food waste at both the consumer and retailer levels. We used data from reports published by Statistics Canada and the World Bank to calculate the amount of food waste from the food available for consumption from 1961 to 2009. The preliminary results of the research show that food waste increased over time in relation to the food available for consumption. The average food waste was estimated at 40 percent of food available for consumption over almost five decades. The conclusion can also be 
Introduction
Awareness of food waste and its impact on the economy and the environment is growing nationally and globally (Food and Agriculture Organization of the United Nations [FAO] , n.d.; Parfitt, Barthel and Macnaughton, 2010) . This interest is being triggered directly by factors such as soaring food prices (Monier et al., 2010) , greenhouse gas (GHG) emissions from agriculture (Garnett, 2010) , and world hunger and increasing global food insecurity (Broughton et al., 2006; FAO, 2005; Kerstetter & Goldberg, 2007; Parfitt et al., 2010 ; UK Department of International Development [UK DFID], 2004 ). Yet surprisingly little research is being conducted into how much food is wasted and why (Gustavsson, Cederberg, Sonesson, Van Otterdijk, & Meybeck, 2011) , particularly since reducing the wastage of food already produced is the more appropriate option for feeding a growing population and lessening the agri-food industry's impact on the environment (Gooch, Felfel, & Marenick, 2010) . The UK's Waste Resources and Action Program (WRAP), which sponsors the "Love Food, Hate Waste" website, estimated that if food that is currently wasted were eaten in the UK (5.3 million tons or 60 percent of 8.3 million tons annually), it would have the same carbon impact as taking five million cars off their roads (WRAP, 2011) . This 5.3 million tons of food waste required 6.2 billion cubic meters of water to be produced, which is 6 percent of the UK's water requirements and nearly twice the annual household water usage of the UK (WRAP, 2011) .
The International Water Management Institute (IWMI) showed that the amount of food produced on farms is much greater than what is necessary for a healthy, productive, and active life for the global population (Lundqvist, de Franiture, & Molden, 2008) . Nevertheless, world hunger persists, and the costly investments made to mitigate it have been insufficient. This conflict can be partially explained by the significant amount of food waste from farms to the household level (Lundqvist et al., 2008) . It is estimated that 50 percent of the world's food ends up as losses and wastage from field to fork (Lundqvist et al., 2008) . Lundqvist et al. (2008) recognized that not all agricultural production that does not reach our tables is wasted. The residue and some of the agricultural produce are used for animal feed, bio-energy, and soil amelioration. Food waste from field to fork takes place during harvesting, processing, distributing, storage, and transportation, as well as at the wholesale, retail, and household levels, and in other forms of agriculture production, such as bio-energy (Lundqvist et al., 2008) . According to a recent report by Gustavsson et al. (2011) , one-third (1.3 billion tons) of food produced or available globally for human consumption only is wasted annually. Given the current system of food production, distribution, and consumption, meeting the growing demand for food could be a challenge.
In Canada, food waste was valued by Gooch et al. (2010) at CAD27 billion annually. This equaled 2 percent of Canadian GDP (Macdonald, 2009; Statistics Canada, 2009) , and exceeded the amount that Canadians spent on dining out in 2009 (Gooch et al., 2010) . The share of food wasted was approximately 40 percent of all food produced in Canada (Gooch et al., 2010) . It is important to recognize that the environmental cost of high levels of GHG emission, such as carbon dioxide (CO 2 ) and methane (CH 4 ), is not included in this estimate (Gooch et al., 2010) .
The largest contributor to food waste along the food chain is the consumer (Gooch et al., 2010; Griffin, Sobal & Lyson, 2009 ). More than 50 percent of the estimated CAD27 billion worth of waste that ends up at landfills came from Canadian homes (Statistics Canada, 2010a) . In total, solid food waste in 2007 was estimated to be six million tons between retailers' and consumers' plates (Gooch et al., 2010; Statistics Canada, 2009 ). Liquid waste was estimated to be 740 gallons (2.8 billion liters), including milk products, coffee, tea, soft drinks, and juices. These solid and liquid loss estimates do not include waste at the production and processing levels (Gooch et al., 2010) .
Segregating the magnitude of food waste at each point in the food supply chain is a wise place to start, yet this is a global problem for which answers to the following question have been few: "How much food is lost and wasted in the world today and how can we prevent food losses?" (Gustavsson et al., 2011, p. 1) . Canada, like the rest of the world, does not have the data required to empirically quantify food waste at each point in the food supply chain, from farmers to consumers. If there were increased understanding of the type and magnitude of food waste at each point, policy makers might be in a better position to evaluate the underlying causes of food waste in the Canadian food system and to consider preventive tools. In this paper, we extrapolate the quantity of food waste using secondary data from Statistics Canada over a 48-year period (1961-2009) . We also analyze the variation in food waste by food category and over time. With data relating to food waste primarily being found at the consumer and retailer points in the food chain, we point out the great need to quantify food waste holistically.
We supplemented the lack of detailed data for analyzing food waste in Canada by proposing a methodology to carry out this research. Recommendations have been made for further research. We hypothesize that quantifying food waste will result in increasing the awareness of food waste and food habits in terms of purchasing and eating. This, in turn, will result in reducing food waste and significantly increasing food security, improving food quality, achieving a cleaner environment, building a healthier economy, and, ultimately, sustaining communities and society (figure 1).
Conceptual Framework and Methodology
Two phenomena are taking place in the Canadian food system: a substantially high percentage of food waste (Gooch et al., 2010; Statistics Canada, 2009) , and an increase in food consumption. The Canadian diet has changed since 1989 to include more fruit, vegetables, fish, nuts, cereals, and Decreasing energy use in managing food waste
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Sustainable Society coffee (Statistics Canada, 2003 , 2010a . Although the consumption of fruit and vegetables has fluctuated slightly over the past 48 years, the overall trend has been positive. The consumption of most products increased, except for red meat, poultry, spirits (alcohol), and soft drinks. Consumption of red meat has been declining since 1989 (Statistics Canada, 2009 The increase in food consumption can be attributed to food waste, given that, biologically, each person's consumption is limited (Statistics Canada, 2010a ). Yet since 1976 the average number of calories available to a Canadian per day has increased by 9 percent (Statistics Canada, 2009 ). Concomitant with this increase, a significant percentage has been wasted due to spoilage and loss in stores, restaurants, and homes (Statistics Canada, 2010a) . However, the increase in food consumption is marked by a high consumption of fruits and vegetables, either fresh or processed in Canada.
The trend in consuming more fruits and vegetables was triggered by an increase in awareness of the importance of eating high-quality foods, in other words, food that is more natural and nutritious (Agriculture and Agri-Food Canada, 2009).
Data
Due to the lack of primary data, we are using the secondary data collected and published in Food Statistics 2009 and Food Statistics 2002 (Statistics Canada, 2003 . The reports provided historical data about food availability for consumption before and after adjusting for food waste for the following major food categories: fruits, vegetables, animal products (including red meat, poultry, eggs, milk, and cheese), cereals, sugar and syrup, oils and fats, and beverages. The specifications used for their calculations are as follows: available fruits and vegetables for consumption were calculated as fresh, processed, dried, and juiced. For dairy products and eggs, the data included available fluid milk, total cheeses, total creams, other dairy products, and eggs. Red meat and poultry data included carcass weight, retail weight, and boneless weight. The available fish for consumption was provided as one figure. Thus, the reports give two important figures: first, food availability from the Canadian food supply for human use only; and, second, food availability adjusted for waste by accounting for losses in cooking, storage, homes, restaurants, and institutions. To do this, Statistics Canada used "waste factors" provided by the U.S. Department of Agriculture (USDA) (Statistics Canada, 2010a) . Waste factors are only estimates (Statistics Canada, 2010a) . Losses at other points of the food supply chain have not been quantified. For the sake of this study, we used the aggregate food availability data for these food groups: fruit, vegetables, oil, dairy, red meat, fish, and nuts.
Food availability before and after accounting for waste was traced over the past five decades. This paper presents historical data from There were variable responses among the food groups. The highest percentage of waste was found in vegetables and fruits (fresh and processed), while the lowest percentage was in pulses and nuts, where the waste rate remained almost the same over the five decades. The other food categories with minimal waste variability over time were fish, eggs, and dairy products (figure 2).
Results and Discussion
In total, the increase in food waste outpaced the increase in available food for consumption over the same period of time (figure 3). We fitted a linear trend line for total vegetables as "available for consumption" and as "waste." Both trend lines are upward, indicating that the increase in food wastes mirrors the increase in the available food for consumption per person over the five-decade period. The figures for total vegetables available for 1961 1963 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 1961 1963 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 1961 1963 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 
Food Waste and Food Available for Consumption by Food Category
The estimated average waste in available fresh fruits for consumption per person over the five decades was 46 percent from the total average fresh fruits available for consumption (table 1) . Accounting for processed, dried, and juiced fruits, the percent of average waste fruits was 33 percent of total average available fruits. Average waste of fresh vegetables amounted to 50 percent; however, including processed, dried, and juiced vegetables, the average waste accounted for 42 percent of total vegetables available for consumption (table 1) . Waste of red meat and poultry were ranked below fruits and vegetables and showed significant waste, even though the consumption of red meat (defined as beef, veal, and pork) declined by 11.5 lb. (5.2 kg) per person over the 20 years up to 2009. The 40 percent was calculated after accounting for the removal of bones or unavoidable waste. The same applied to poultry. After removing bones, the average waste over the 48 years amounted to 43 percent of poultry available for consumption. The waste in available dairy products for consumption was 28 percent. The waste in fish was less than in red meat and poultry, estimated at 30 percent. However, fish data have only been available since 1988. The average loss of oil and fat available for consumption to the waste stream was 29 percent during the same period . Total waste in cereal available for consumption was 30 percent. The other products that ranked relatively high in waste magnitude were sugars and syrups, where waste was estimated at 29 percent. Finally, the average waste in pulses and nuts ranked lowest, where the loss was 15 percent of available pulses and nuts for consumption. The amount of average eggs available for human consumption has increased, with the loss estimated at 21 percent (table 1) .
Even though these waste factors do not account for waste at the levels of farming, distribution, and processing, the food waste figures -measured as a percentage of available food for consumption -are high (table 1) . Two factors cause concern about waste in the fruit and vegetable category. The obvious factor is the perishability of fresh fruits and vegetables; the second factor is the change in Canadians' food consumption patterns (i.e., healthy dietary trends). Since consumers are the biggest contributors to food waste, increasing consumption of fruit and vegetables will escalate the percentage of waste if consumer behaviors do not change. This is the case particularly if current gaps in the effectiveness of operations conducted along perishable food value chains are not addressed. Hence, the data correlates dietary changes and increases in food waste. The average national amount of food waste over 48 years at retailer and consumer levels for all food groups amounted to 16 billion pounds (seven billion kg). Thus the national levels of food production available for consumption were estimated at 41 billion pounds (19 billion kg). The percentage of average total food waste at the national level was 37 percent of total food available for consumption (see table 2 The energy costs of food waste are threefold: (1) energy used to produce, process, and distribute the food; (2) energy used for transportation to haul food waste; and (3) energy used to convert food waste to another product, such as compost. Wasting half the produced food means wasting half of the energy used for its production. This result raises a warning, especially with the current efforts to find ways to decrease energy consumption. Food waste also reduces the availability of food to those who need it.
The answer to the food-waste problem lies in prevention. The benefits of preventing food waste are also threefold: (1) food security is increased; (2) the amount of energy required to manage food waste is reduced; and (3) GHG emissions are decreased.
Even when accounting for a margin of error, this amount of waste is still high. The waste factors used in this report are cumulative factors representing waste in each food category at an aggregate level. Had we had the waste factor for each food group at each point in the food supply chain, such as for the farmer, producer, distributer, and consumer, we could have presented a more accurate picture of how much each agent is contributing individually to this waste. At an aggregate level, food waste accounted for 40 percent of food available for consumption. As we mentioned earlier, these estimates of food waste are at the consumer and retailer levels and do not include waste at the farmer and processor levels.
Assuming a recovery rate of 50 percent of food waste, we could save approximately 20 percent of available food for consumption just from saving food at the consumer and retailer levels. Had we been successful in quantifying food waste along all agents in the food supply chain, the percent of saved food could be much higher. The positive relationship between consumption and food waste might be the outcome of using a waste factor as a percentage of the total consumption. It is difficult to make a comparison with the UK or U.S. since data derivation methods vary. Collaboration among these countries to standardize the methodology of estimating food waste could be translated into a broad data set to view the problem globally.
Recommendations
There are many food system stakeholders who could be involved in the process of quantifying food waste. Their actions are interrelated and must be analyzed as a whole. Analysis starts with farmers and ends with consumers; they, and everyone in between, play a part in generating food waste. The reasons for each agent's generation of food waste are case-specific. Therefore, the methodologies used to quantify food waste must be able to accommodate the role of each agent. Other agents who sometimes play key but hidden roles in the food system are policy makers and educators. That said, variable methods for quantifying food waste at each point are needed to differentiate the causes of food waste.
Data used in this study are not sufficient. We rearranged and recalculated the data to fit our purpose in highlighting the dearth of food waste data. Unlike Canada, other countries such as the UK and the U.S. have taken further steps to measure food waste. To overcome the shortcomings of the data in Canada, launching a pilot study in one area or region that can be replicated in other regions could serve as a first step. The goal is to quantify food waste along the food supply chain, from farmer to consumer. Then these primary data will serve to articulate the obstacles to quantifying food waste and the potential to overcome these obstacles.
Once the data are available, an economic model could be built and the actions of all agents could be analyzed and monitored in relation to other agents in the economy, as well as in relationship to each other. This model will help elucidate each agent's role, identify its contribution to food waste, and highlight the internalized externality of food waste that has been paid by society. In the long run, identifying these factors would help prevent food waste. Based on the specification of the Canadian food system, methods or policies to prevent food waste could be designed without compromising food safety. According to the finding of how much food is wasted and why, a recovery rate could be calculated. It is essential to translate these numbers into energy and GHG figures to be used in increasing awareness of the costs of food waste. Lastly, these data will serve to monitor and evaluate the effectiveness of new or modified policies and the functionality of the food value chain.
Conclusion
Few Canadian studies have addressed the issue of food waste at the national or provincial level. Little quantitative research has been conducted on the true economic and environmental impacts of food waste in Canada. Nevertheless, there is considerable food waste occurring along the entire food supply chain. It is costly to neglect areas where food waste occurs. Therefore, attention should be expanded to understand the problem and the factors that aggravate the problem. Addressing these factors in the context of current policy may help prevent food waste and reduce the problem. In order to effectively do so, the perception of food waste has to be expanded from management to preventative policy. Ultimately, quantifying food waste would need to be a "must" in order to prevent it.
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